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ABSTRACT

Mecasurements of the rotational spectra of 70 1°°1°® and '*O700 have been extended
to allow determinationof a complete set of sextic centrifugal distortion] constants for both
miol ccules. A near degeneracy of the 312 and 494 levels of "0 %060 Causes strong pertur-
bations of the hyperfine patterns, gives rise to perturbation allowed AJ = 2 transitions, and
provides for an accurate determination of xg4. This has allowed the determination of the
angle between principal axis of the quadrupole tensor and the ()- () borid. Thie "0 spin -
rotation interactions of 17QS60) have been measured for comparison with the corresponding
values in 0, and improved values of the quadrupole coupling have been obtained. Para-
magnetic shiclding and chenical shifts for 170 have been calculated from the spi n-rotation

con stants for both compounds.




INTRODUCTION

A prcliminary account of work in this laboratory on the 170 ozones (1) reported the
rotational and quartic centrifugal distortion} constants as wellasthe diagonal elements of the
nuclear quadrupole and spill-rotation coupling tensors. Because of ozone’s prominence inthe
Farth’s atmospheric spectrum the carlier mcasurements have been extended to considerably
higher J and K, transitions. The parameters derived from fitting these new measurements
provide an adequatce basis for predicting the contribution of these species to the atmospheric
millimeter and submillimeter spectrum.  Since the measu rements described in this paper
were completed, Rinsland, et al., (2) have reported improved rotational constauts for the
"'0 ozones based on a combined fit of the datain Ref. (1) and their measureiments of the

high resolution spectra of the 1, bands of both molecules.

Perturbations in the hyperfine patterns of *'0 1°°1 6° which were not reported in the
previous paper have been anal yzed. 'I'hese have been SJIOWI to be due to Xeb mixing of the
nearly degenerate 3y 2 and 44 states. As a result, theorientation of the principal axes of the
nuclear quadrupole coupling tensor has been precisely determined. A number of transitions
in *'0 S'°0 were 1 casured at higher resolu tion than in earlier work (3,4) and a numnber
of additional transitions were observed in order to determine and cor npare the 70 spin-
rotation interactions with those of “’0 1°°] 6" These have approximately the same relative
size compared to those of 03 as do the molecular g values. (5-7) The spin-rotation constauts

arc used to calculate the paramagnetic shiclding and chemi cal shifts for 70 .

EXPERIMENTAL

The experimental details, including the Stark modulated spectrometer, 7% 70 enriched

sample, and sample handling were the same as those described in Ref, (1) except for 111m-




surement s above 300 Gz for which tone burst inodulation (8) was used. Small quantities of
17050 were made by allowing portions of the eniiched ozone sample to react with solid sul-
fur. The sulfur dioxide required refreshing every 10-15 minutes because of oxygen exchange

with adsorbed water inthe waveguide.

In the reported measurements, the quoted uncertainties are estimates based on possible
contributions to the error. The uncertaintics reflect not only a large range of line strengths
but also the varying degree of difficulty indetermining line positions in complex hyperfine

multiplets.

MECHANICAL CONSTANTS

Although the number of independent measurements that determine the mechanical cou-
stants is relatively small, it was found to be suflicient to determine rotational and up to
sextic centrifugal distortion constants for both ozone species. The data are also suflicient
for the prediction of the Inollo-'"0 ozone atmospheric millimeter spectra to the accuracy
required by current observational instruments (9). The fitted data are listed inTables 1 and
2 along with observed minus calculated frequencies based on the derived parametersin “J able
3. The paramecters refer to the standard Watson A reduction Hamiltonian and I' representa-
tion (10) with the quadrupole and spin-rotation terms fitted simultancously (1 1), The 70
parameters are perfectly consistent with those of the 60180160, **01¢(0¢(), and normal
ozone for which more data arc available and also with high resolution infrared results of
Rinsland, et a, (2,1 2-14) Calculated spectra based onthese data are available in computer
accessible form (1 5). Those calculations contain assuiptions about higher order parameters
notl determinable by the data presented here and are continually revised as additional data
affect ing the higher order parameters become available. Consequently, the paramneters pre-

sented here will not exactly reproduce the cataloged frequencics for transitions which require




long extrapolations io quantum number.

The 70S°0 study was undertaken primarily to determine the 70 nuclear spin-rotation
interaction for comparison with 17016016(). A large number of lines had been previously
mecasured and assigned by Van Rict and Steenbeckeliers (3). These have also een listed
by Lovas (4). Most of the older measurcments were used direetly but with some additional
assignments of hyperfine components based on this study. Several transitions were remoa.
sured and some new measurements made as required for determination of the spin-rotlation
interactions. Additional neasurements were made at higher frequency to remove some cor-
rclations among the sextic constants. The new measurements are listed in Table 4. Siuce the
mechanical constants were not the primary objective of this study and since only a limited
amount of sample was available, the higher frequency measurements were not extensive. As
a resull, { was necessary 1o fix three of the sextic constants to those of normal SO;. These
parameters arc taken from aflerty, et al. (16) Migher order terns were fixed to thosc in Ref.

16) as well. T'he parameters derived from a fit to all the available data are given in Table
3. The caleulated paramneters are consistent, with those isted in Ref. (16) for the normal
species. A table of all the line assignments, frequencics and observed-calculated frequencies
has been deposited in the editorial office of this journal and is available on request from the

authors,

HYPERPINE INTERACTIONS

The hyperfine constants 1o be discussed i this scction have been listed in Table 3 along
with the other parameters derived from the fit of the spectra. Note that the sign convention

for the Cs is the opposite of that used for the M’s of Ref. 1.

The quadrupole coupling tensor at the end oxygen in 0010 has a large Xab COMPO-

nent. This produces strong mixing of the 494 and 312 levels which in the absence of nuclcar




cflects would He only 9.47 Mlly, apart. 3oth frequency shifts and perturbation allowed tran.
sitions are observed. The 5,5 - 312 47 = 13/2 - 11/2 line is only about 16 times weakes
than the corresponding component of the allowed O15 - 4o4q transition. Several hyperfine
components of the 5,5 - 355 transition have been observed as has the a-dipole allowed, but

normally extremely weak 494 - 3q3, 1 = 11/2 - 11/2 transition.

Secause xq is quite well determined the angle between the principal axes of the quadrupole
tensor and the O-O bond can also be determined. This angle is 2.4 (4)° using the structure
~of O3 given by Tanaka and Morino (17). The orientation is such that the quadrupole princi-
pal axis nearest the 0-O bond makes a smaller angle with the line between the non-bonded
oxygens than does the bond. Since the angle in the ground vibrational state is about the
same as the equilibrium angle, the difference n angle determined in this work is probably
real. In Ref. 1 the clements of the diagonalized quadrupole tensor were calculated subject Lo
the condition that the a principal quadrupole axis lay along the O-O bond. It is now found
that Yoo = - 14.00 and Xpp = 8.44 MHz where the « axis is the one nearly along the O- O

od

For SO, the quadrupole coupling has been more preciscly measured than in the carlier
work (3). The small differences in the result presented here may be due to the inclusion of
spin-rolation effects in this analysis. Although y., is expected to be relatively large, there
are no near degencracies in 1708160 among the levels included in the present data set which

cause suflicient perturbations for yq; to be determined by these measurements.

The diagonal components of the spin-rotation tensors for both T7O16Q160) and 16017160
are within experimental uncertainty of those reported in Ref.(1). (Cop+ Cha)/2 of 170160160
which is in principle determinable because of (he near degencracy of the 494 and 3,4 levels,

15 100 small to be determined within its own magnitude by the data. It has been left in the




{it to ascertain its cflect on other parameters which which it is slightly correlated and to give

amore realistic evaluation of their uncertainties.

The ground clectronic state of ozone shows considerable paramagnetic character duc
to mixing with low lying excited states.  The paramagnetic contribution to the nuclear
shielding apparently had been difficult t¢ determine from abinitio calculations. Schindler
and Kutzelnigg (1 8) using the SCI-1G1.0 method obtained poor agreement with the chemical
shifts mmcasured by Solomonet. al. (1 9)and showed that their calculation was remarkably
sensitive to the assumed geometry. The talc.ulatio]l did show, however that the shiclding was
paramagnctic and highly anisotropic. More recentl y Kutzelnigg, et a., (20) rc.ported results
using a multiconfigurational generalization of 1GLO which gives much better agreement,

which the experimental results of Ref. (19).

Following Flygare (21 ) and Flygarc and Gooodisian (22) and combining the fundamental
constants in their equations , the diagonal components of the paramagnetic shiclding tensor
arc given by

C ~ a1 - @
or, = 1.212 x 10°2% - 14.09)° Zalra - )
A T
whiere o is in parts per million, the 7, are the atomic numbers of other nuclei, and the dis-
tances and coordinates are incasured from the atomin question and givenin Angstroms. The

other cor n ponents are obtained by cyclic permutation @, b,and c. The average diamagnetic

contribution is

. ~ 7
0% = o(frecatom)-i 9.39 L-Tfi,
« (x

where o¢(frec atom) is taken to be 395.1 ppn for 170 (23), The diamagnetic shicldings

calculated in this way are essentially the same as those calculated by Ray and Parr (24)
for bothoxygens. Rothienberg and Schaefer (25) have talc.ulated theindividual commponents

of the diamagnetic shielding tensors for ozone. Those values may be used to estimate the




individual components of the total shiclding tensors. Their average diamagnetic shicldings
arc aso quite closc to those calculated here. The average shiclding can be determined without
any knowledge of themolecular strut.tum by combining the above cquations to give

Oave © od(ﬁcc atom)+4 4.040” x ]09(5’9}1 A ).

‘b _("cc
ATBTTG

As apoint of reference, the above equation gives o4, for 7Oinwater as 357 ppin with
spin-rotation constants taken from Helminger and Deliucia (26). This is essentially identical
with an equilibrium value derived by applying the vibrational correction of Fowler and Raynes

(27) to the measured gas phase value of 344 ppm (28).

Table b gives the diagonal parainagnetic shiclding teusor clements, total shiclding and
chemical shift from liquid water. The absolute shiclding of 70 in liquid water is take
as 307.8 ppm (28). The quotled uncertaintics include only the 1 u uncertainty of the spin
rotation constants. Cor relations among the individual uncertainties are included in the
talc.ulaticm of theaverage shielding uncertainty. ‘T'he spin-rotation constants measured in
this work are quite consistent with the chemical shifts of Solomonet al., (19) and with a
highly paramagnetic, anisotropic shiclding tensor. T'he recent calculations of Kutzelnigg, ct

al., (20) give absolute shicldings which aso agree well with the present results.

For 170QS'60 the diagonal components of the spin-rotation tensor have been determined
for the first time. These have also been used to calculate the paramagnetic shiclding tensor
and total shiclding. The calculated chiemical shift is again in good agreement with the
experimental value (29) asscenin ‘Jable 5. Rothenberg and Schacfer (30) and Gierke and
Flygaie (31) have calculated the diamagnetic shiclding tensors for for 17Q in sulfur dioxide.
The total shielding calculated by van Willen and Kutzelnigg (32) is in good agreement with

both the direct mesurement of the chiemical shift and the result derived Lere.

It is interesting to compare the 70 spin-rotation interaction in SO, with that in the




asymmetrically substituted o3 Ior a planar inolecule the quantity

Jaa gl'b Gee

Ao

where the gii's are components Of the molecular g tensor, is independent of origin (32) and
may be compared with a siilar expression for the Cii’s. For ozone, both quantities are
about 3.3 times as great asthe corresponding values for S02 (5-7). This is consistent with

the fact that the lowest lying excited clectronic states of SOg are alinost 3 times as high as

the lowest state of ozone (33).

CONCILUSION

Mcasurements of the rotational spectra of the Inollo-"0 substituted ozones and sulfur
dioxide have beenextended, yielding improved mechanical and hyperfine parameters. The
ozone results incrcase the data base for the atmospheric spectrum. The hyperfine parame-

ters provide Useful references for comparison with theoretical calculations of the clectronic
structure of these fundamental molecules.
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Table 1. Fit teci 150170 %0 Rotational Transitions

Transition® Freq./MHz? Ac Trangitin, Freq./MH, A Transition Freq./MHz A
508,42 — 51745 26674.37.5(1.50) 74 2 Tow— 263,23 413404
j 25-24 670.50 .794(50) 81 67 978 75.726(50) 3
465.40— 457,30 32056.580(70) -24  30-29,25-25 670.51.172(20) -23 4-35-43-2 97876.568(50) 50
18216 - 194 10 2%25,27-25,28-27 67051.689(50)-1 44 5554,65  97877.235(50) 3 3
20-21,1 9-20,18-1¢ 32202.730(100) -42 1331; ~ 142,12 34 97878.570(50) 2 3
1718 32203.370(100) -64 16171112 71393.7.50(20) 27  37° ST878.798(50) 46
722 22203.830(100) -8 15-15,12-13 71397.246(50) .53 6,,,— 6.,
36530 — 37522 33340 .684(50) 17 AI¥4 71397.400(100) 5 e-ras 107369.271(50) 39
o ey 107369.698(50) -5
334,30 — 325,27 35476.737(70) - 60,.— 915 _ C O
>2 0 27 e 71478.349(30) 35 0 107371.062(70) 15
122.10 - 131|13 54 71478 657(30) 6 242)22— 251’25
13-14 35634.868(40) 18  o-84-3 T1479.080(30) 23 24-55 25262627 113474 .264(60) 111
12131415 35635.055(40) -2 23-24 113475.614(60) 30
11-12 36635 .57.5(20) 15 26T TLe ; 27-28 113476.160(60) 34
1516 3653.5.800(20) 2  ‘oiie-ios-e  83612.158(30) -4 ) 113476 .80S(60) 50
1011 36536.278(40) 22 1TRTE sts12.64050) 17 '
. §-7 83613.162(100) 18 1y.:— 0o
- 402 . i 4-3.2-3 599130 1
2-; 38747.308(30) g Peam— HMope HUOTO0) 55, 111%;11218254.3322(?’»63{} 10
22 38748.377(70) 20 143, — 15214 85428.374(50) -.54 '
45 38748.607(20) 3 3lg 20 — 30426 114538.184(40) 68
2.3 38749.610(50) 5  34s.8— 35531 86780.708(10 ) 6 _ =
210 117
4-4 38750.238(50) 28 2 6, — 25420 87991.220(50) - 778800 01
o o ay 4,22 20(50) s-7,7-88-0,010  1171.58.680(70) 100
3.3 33751651(30) _3 121‘11 - 112‘10 . 265‘21— 274‘24 117224338(80) 20
s 875208500 o L 90140.886(30) 10 0. g
14-13,11-10 90141.106(30) -30 1708 B} 3
40,3~ 3%, 65721.214(40) 32 1514109 Q0141.651(30) 3¢ l°loess. 121253.826(50)  -10
7-7,11-11 121254.306(50) 77
48542 — 4774, 90976.778(70)~25
a. F -L 1 designates F assignments of 0 0 22310 — 22220 358631.720(60) 6
resolvable features. L1~ €02 20, 10— 19215 3714.50.694(69) -15
b. Numbers in {) are experimental 45 921?1 '0__1_3@)0) -12 e e o (69) =1>
uncertainties in kHz. 2_2‘2_313 304 92101'9‘7’((00)) -36 261 05— 26025 488137 . 12S(60) -17
¢. Obs.-calc. /kHz. Intensity weighted OO 92152.800(70) -91 344 an — 342 2. 492001.240(80) O
average for blends. A ?31|—53'6.3—7(-1C\)O) b - . . ( )
5-4,2-3,1-2 92154.315(70) O 204,15 - 20317 611043.960(100) 53




Table 2. Fitted 17016016 Rotational Transitions

Freq./MIIz? Ac

Transition®

232,22 - 22419

21-20 29355 .91 O(50) 34
26 25 29356.445(70) -6
22- 21 2935 6.750(100) 0

2524,2423,2322 29357.305(30) -21
42,.,--4,35 29812.902(50) -3
467,,- 176,42 30361 .165( 80) 2
234,20 - 243,21 31250.725(100) -30

18315~ 192,18

21-22,17-18 31287.275(50) -17
1617 31287.767(70) -50
1819,10202021 31286. 843(20) 4

5.0 31833.172(30) - 1

]42. ]2’]51,15
15 16
14 15

343z -

31 866,220(50) -14
31866.600(50) -36

16 17 31 866.900(50) -13
13 14 31867.910(50) -6
17-18 31868.890(50) -2
12- 13 31869. 870(50) -10
263,23- 204,22

26- 25

32586.623(50) 21

203,?3 = 254,?2
27-26,25 24,2827 32586. 867(50) - 12

29 28>24 23 32587.430(50) -8
37334- 38231

36- 37 33328 .750(1 50) 36
40-41 33329.560(150) -22
35 36 33330.780(150) -18
11], ]0- 1026

1211 35002.191(30) 4
11-10 35002.344(30) -7
1312 35002.666(20) 2
10-9 35003 .010(20) -5
1413 35003.942(30) 8
98 35004 .062(30) 14
505 - 4],4

65 35705.303(30) 2
-G 35705.593(20) 16
54 35705.721(30) -26
4-3 35706 .57](20) 12
87 35707.012(20) 9
32 35707.446(20) -1
202|1g — ]93,17

21-20,20 10 93172.382(40) 18
22-21,19 18 93172.799(40) -5
18 17,23 22 93173.678(40) -24__

a. b. c. Sec footnotes to ‘Jable 1.

Transition

l10- loj
32
34
44
2-2
43
2-3

2, ] - &y
45

3243

44

3 455

5- 4,1-12-3

86 - 919
9-10

9,10 11
7-8

1112

67

31,2 - 30,3
5-6

43

32

Freq/MIlz ‘A Transition Freq./MHz A
1]! ) - 00,0
4 3,2-3 116992.148(30) 74
939151 12(30) T 554 116094.939(30) 51
93975. 789(30) 36 i
93976. 221( 30) 17 92,4 - Gy5
93976.762(50)  -18 89,3 4 1] 8008. 014( 30) -3
93977. 524(30) -1 45 118009. 200( 50) 27
93978.738(30) - 11 7-85G,G-7 118009. 989(100) - 49
80,8 -- 71
95434. 664(30) 14 9 8,387 ,10-9 1 19558. 037(30) -9

95435 .43 6(50) 60
95435. 829(50) 3
05436.513(30) -6
95437.766(70) - 25

96308. 648(50) 5
96309.012(30) -9
96309.993(50) - 60
96310.382(50) 45
96311 . 312(100) -26

07 655.526(50) 18
97655.895(90) 31
97656. 090(100) 14

44455 455 97656. 543( 30) 4

66
34
22
)
2-3
111

1-2

40,4 -30,3

6-6

413- o4

97656.999(50) 20
97657.460(100) - 6
97657.740(100) O
97658.109(60) 17
97658.496(60) 13
97658.821(100) 51
97659.336(60) -8

97666 .332(30) -14

5G,4 35-4,6-6 100674.986(80) 81

55Gs
3 244
7-7
2-2
2-3

51,4 - D05
7-7665 5
8844

72,5 - 81'8
7-8,9 10,8 9

T1,6 " Tox
88

7-799

6-G

10 10

5-5

100675.605(120) 56
100675.965(120) 24
100676 .650(200) - 219
00677.420(120) - 2
00678.000(150) 1

04541 .987(100) -87
04543.211(100) -62

112630.575(70) 15

115065.642(150) -88
115066.032(30) -58
115067. 010( 1, 50) - 14
1 15067. 343(30) - 64

115068.164(30) 9

7-G 119558. 630(100) -66

11-10 Il 9559.222(30) -5
811 [ 8. 1 g

99 121870.568(30) 19
10 10,8 8 121870.952(30) 23
7-7 121871.864(30) 27
11-11 121872.358(30) 27
66 121873.072(30) 22
17, .- 18315 202627.122(50) 20
515 - 40,4

32 204860.830(30) -7
8743 204861 .680( 30) -20
54,7-¢ 204862.630(30) -14
6555 204863.391(30) -25
51.5 - 31,2

32 204870.610(90) -83
-G 204871 .896( 60) -28
4-3 204872.444(150) -60
54 204873.510(150) -120

151, 14--150,]5
16-16,15- 15,17-17 205498.794(60) - 25

1414 205499.910(30) -1
18-18 205500.873(30) 12
1313 205501 .623( 30) 9

110,11 - 10110
11-10,13 12,12-1] 205601.709(30) -12
141308 205602.726(30) 5

174,13 - 183,16 209090.150(60) -10
343,31- 342,32 368193.132(80) -4

152,14 - 15, 1

1616,15 15,17-]7 368655.408(100) 15
18 18 368656.632(120) -43
1318 368657.436(100) 53

18,,,.- 19415 369244.566(60) 12
185,15 - 194,16 369598.482(60) -

27196 - 270,97
2828,27.27,2929 488819. 308(100) 6

193,17 -
1034-91,8

13 12,8.7

19218 4907] 4,{)04(J00) 10

491965. 672(160) -52




Table 3. Molccular Parameters/M Hz,

Parameter 160170160" 1701601'60 17(332G16()

A 102351 . 0412 (110)° 105490. 9498(57) 59883.72105(260)

B 13351, 08549( 137) 12951. 27723(79) 10008. 21211(89)

c 11781, 72001( 143) 11508. 02902( 73) 8555. 13498( 63)

Ay 0. 01352001( 259) 0.0128607(38) 0.0062292( 114)
Ak 0. 046972(63) - 0.056338(75) --0.112678(194)
AK 5. 84916(83) 6.22091 (83) 2.51274(66)

6, 0. 00214023( 65) 0. 00194524( 40) 0. 00158936( 137)
bx 0. 094969( 95) 0.092027(103) 0. 023996( 58)

D, 0.1203 (192)x10-7 0.547(234) x 10 0.1643 (204)x10-7
Qi —0.196(199)x 10- ¢ -0.217(169) x10-6 0.397x10-7%
dx --0.463(32) X 10* -0.5255 (19 6)x10-¢  --0.1950 (137) x10-*
Py 0. 000982( 56) 0.001116(32) 0. 0003674( 145)

é2 0.464(90) X 10-8 0.452 (58)x10-8 0.714 (92)x10-*
b1k - 0.384(272)x 10°¢ - 0.236(197)x 10 -0.114x10-7%
dx 0.736(147) X104 0.743 (125)x10-4 0.167 x10-%¢
Yaa --8.481(75) - 6.473(92) - 1.105(69)

Yo 7.524(49) 10.911(53) 5.569(25)

Yee 0.958(81) - 4.438(M -- 4. 463(59)

Yab 13. 695( 236)

Caa -0.1716(133: - 0.2572(86) --0.0484(34) *
Cuy --0.0087(4 1) - 0.01788(232) - 0.00503(309)
Ce. -0.0023(37) 0. 00403( 235) -0.00152( 274)

(Cap 4 Cpa)/2

0.0087(1 13)

a. Numbers in parentheses are approximately 1o uncertaintics.
b.Fixed to value in Reference 16.




Table 4. Newly Measured 1"032815Q Rotational Transitions

Transition” Freq./MHz* A’ Transition Freq./MHz A Transition Freq./MHz A
lin—loz 15213 - 142,12 1010 — 100,10
3-234 5132.5.484(20) 33 16-15,15-14,17-16,14-13 67628.068(60) 3 11.11,10-10,12-12 101069.310(60) 142
4-4 51326.393(20) 3 9 18-17.13-12 6762 S.770(30) -14 -9 101069.783(120) -92
A3 51326 .5 S4(30) @ 1 0 8-S.,13-13 101070.563(60) -97
22 51326.815(60) 18 “11 T 00 634359018 80.8
2-3 5. -5 -71,7
2-3 51327 .148(20) 11 ) ! ’
i @0 11 58435253(5)  —4 o-ss-T.i0- 112675.726(30) 18
223—615 3-3 68437.512(5) -2 7-6,11 -10,6-5 112576.306(90) 16
6-7 57102.660(.50) 24 5 5 1 1
78, 57102.839(50) - 957 915 ~10 omars 110 = 210,10
5 (50) 41 - 69712.273(50) 4121211111318 113062.875(90) 189
413 - 4do.a 6-5,8-7 69712.423(30) -14 :0-10 113070. 377(90) -~15
5-85-55-65-7.6-8 . $-D .5 8250.156(30) -17 54 69712.912(40) 1.5 14-14, o0 113071 .137(20) -98
43,44, 4-5 58250.520(30) 0 os 59713.087(15) S , ]
3-23-3,7-7.3-4.7-5 582.51.161(30 8 & 69713.332(30 b4 T 003
(30) +3 S 54.103(120) ~31
31.4— 505 a6 - 1020 71201.527(30) 14 7-6.3-2,3-3 4. 584(60) 29
6-3,6-6,6-7,7-7,5-4,5-5,5-5 62362 .869(3 C) -8 4-3,3-3,5-6,6-5. 5-4,5-5 1 ] 44,:3(50) 65
4344 45 88 62363 .S01(30) 12 %L °°1° o - '
s05s 62364.340(100) § 0710881 90.56 V.O36(30)_1: 322 - 2,
12-12 90570.240(100)-73 55,5-53-2,2-2 20.5282.731(90) 1
6.,.— 6os Ton— fis 4-33-35-44-4 20 5283.748(90) 23
7-7 67538.217(50) -24 ) -
5-58-8 5”530 ’(;i)or(lm 588 91 162,403(30) 50331 - 22,0 30$534.069(90) 41
‘ 9 Y 91162 .998(60) 15
5-5 155(10) ¢ 5-5,10-9,5-4 (60) 15 330 — 22 308.55.5.799(90) 64
- 67539. 4s0(10) 2 19 - —13 ~02 071000y 16
s 67539 . S579(10) -4 to7 tese 312792 .97I(0)
a. b. c. See footnotes to Table 1. T? —-13 21970.5 0‘) (00\1




Table 5. Calculated 70O Paramagnetic Shiclding, Absolute Total
Shiclding, and Derived Chemical Shifts Relative to Hy170 in ppm.

G (Cye /G) x 1 0F ob, " 0ca 91GLO  beq bobs
16017()16()
A -1.677(130) 2080(160)
B -0.653(310) -919(370)
C - 0.194(320) -412(380)
average -1137(240) -658  -625¢  -932 - 1032°
17016016()
A -2.438(82) -2979(100)
B - 1.381(180) 1789(220)
c - 0.350(200) - 564(250)
average -1777(170) -1152 -1289° -1597 -1598¢
170)32Q16()
A - 0.8082(570) - 1020(70)
B - 0.5036(3100)  772(370)
C -0.1777(3200) -419(390)
average 737(240) -206  -234 -514 - 5134

a. Reference 20. h. Reference 19.

c. l(cf;;l';‘:x;.(’e 32. d. Rcf.crcnce 29.




